We have seen several well-marked cases of coffee excess ... .The sufferer is tremulous and loses his self-command; he is subject to fits ofagitation and depression; he loses color and has a haggard appearance. The appetite falls off, and symptoms of gastric catarrh may be manifested. The heart also suffers; it palpitates or it intermits. As with other such agents, a renewed dose of the poison gives temporary relief, but at the cost offuture misery.
Active chemical agents in coffee, tea, cola drinks and cocoa include caffeine, theobromine and theophylline (15) . The average cup of regular coffee contains 100 to 150 mg of caffeine (15, 20) ; comparable figures for other drinks are: tea, 40 mg per cup; colas, 25 to 40 mg per ten ounces; instant coffees, 70 mg per cup; decaffeinated coffees, 10 mg per cup.
As indicated in the above quotation, medical authorities of earlier times attributed various evils to tea and coffee drinking. The present historical basis for the acceptance of coffee as innocuous is a survey performed by Hollingworth in 1912 (13) .
Physiological Effects of Coffee and Caffeine
Caffeine is the most active sympathetic stimulant of the Xanthine group. Studies on normal volunteers and clinical observations on persons hypersensitive to coffee or "Revised manuscript received April 1975. I. Assistant Professor, Department of Psychiatry, University of Toronto; Staff Psychiatrist, Toronto Western Hospital.
Can. Psychiatr. Assoc. J. Vol. 20 (1975) reacting to unusually high intake have been recorded.
To produce a double-blind design many studies have employed decaffeinated coffee, and decaffeinated coffee with caffeine added. There is general agreement that there are only minor differences in the physiological reaction to re-caffeinated coffee and to regular coffee (4, 5) . There is some evidence of a stronger catecholamine reaction to regular coffee with all natural constituents present than to decaffeinated coffee with caffeine added (4) . However, another study by the same author showed no difference in various measures of performance and subjective ratings between groups receiving ordinary coffee and those receiving decaffeinated coffee with caffeine reintroduced (5) .
Coffee intake is usually followed by a mild rise in blood pressure and bradycardia (16) . Caffeine stimulates the cerebral cortex, thalamus, vasomotor and respiratory centres and thermal regulatory mechanism, and it reduces cerebral blood flow (21) . The half-life of caffeine in blood is three-and-a-half hours (2); 225 mg of oral caffeine provokes an increase in adrenalin of 80 percent and of noradrenalin of 19 percent in man (17) .
Using various physiological measures Lader (14) compared amphetamine, caffeine and lactose placebo. Although different physiological profiles are produced by amphetamine and caffeine, he found that both drugs show peak effects 2 -2 1 /2 hours after ingestion, and that in terms of sympathetic stimulation 10 mg of amphetamine sulphate were equivalent to 300 mg of caffeine alkaloid (600 mg of caffeine citrate).
Gilbert found that a moderate dose of caffeine administered to rats is followed by increased frequency of switching between various behaviours, although the total output of anyone behaviour is hardly affected, and he also found that the after effects of caffeine on behaviour are more profound than the direct effects, and that this is also true even after one day's self-administration (6) .
Known Syndromes Associated with Coffee Caffeine Withdrawal
Caffeine withdrawal has been described in persons drinking five or more cups of coffee daily. The major features are headache, malaise and drowsiness, lasting one to two days (15) . Goldstein states that heavy coffee users (five or more cups daily) describe a set of symptoms following omission of morning coffee, consisting of irritability, inability to work effectively, nervousness, restlessness, lethargy and headache. The onset is twelve to sixteen hours after the last dose of coffee (7) .
Caffeinism
Reimann described a case of 'caffeinism' in which a syndrome of low-grade irregular fever, insomnia, anorexia and irritability was associated with the intake of 18 cups of coffee daily. Although the patient was said to have a compulsive personality, when coffee was withdrawn, " ... the temperature remained normal, appetite improved, insomnia lessened and she regained five pounds. The patient declined a request to resume the former high intake of coffee to see if fever again appeared. " Other features thought to occur with heavy coffee consumption include cardiac palpitation, tremor, flushing, albuminuria and epigastric discomfort. Reimann also suggested that 'caffeinism' might be found amongst " ... intellectual workers, actresses, waitresses, nocturnal employees and long-distance automobile drivers. A single one gm dose of caffeine is known to be followed by confusion, shivering, tremor, tachycardia, vomiting and diarrhea (18) . When four or more cups of regular coffee are taken daily with little other food about 20 percent of the population report that for two to three hours they feel nervous, dizzy, 'headachy' and feverish. If taken in the hour before bedtime insomnia is reported (15) .
Individual Sensitivities
There are .anecdotal reports of people who are unusually sensitive to small doses of caffeine and coffee, and report a syndrome of tremors, palpitations, feverishness and anxiety lasting several hours (15) . Other studies of individual differences indicate that some persons respond with relaxation, calmness and drowsiness, although the physiological changes such as galvanic skin responses are in the expected direction. Such 'paradoxical responses' also occur with amphetamine (16) .
Possible Effects ofHabitual Use ofCoffee
There is some evidence that habitual coffee drinkers maintain higher arterial blood pressure and lower heart rates than abstainers (12) . Recently, attention has been focused on a possible relationship between myocardial infarction and coffee consumption. The Boston Collaborative Drug Surveillance program (which includes two hospitals in London, Ontario) collected information on the daily hot beverage intake of 276 patients with acute myocardial infarction and 1104 matched controls. The data suggest that people drinking more than five cups of coffee per day have about twice as great a risk of having an acute myocardial infarction as people drinking no coffee at all (14, 22) . The differences found could not be explained in terms of cigarette smoking.
Psychoactive Effects -Tolerance
Studies of the psychoactive effects of coffee must take into account the differences between abstainers, light users and heavy users -heavy users appear to be least sensitive to insomnia production and nervousness and most sensitive to euphoria production and they tend to report the withdrawal syndrome (6) .
Other differences between heavy users and non-users in response to doses of 150 mg and 300 mg of caffeine have been described (9) . The heavy users appear to be more affected by the pleasant stimulating action. Such variance may be due to acquired tolerance or to inborn differences which produce the coffee consumption pattern. Absorption of caffeine (300 mg) is comparable in different subjects and produces similar plasma levels declining at comparable rates. Any tolerance occurring would be attributed to changes in central nervous system responsiveness and not to absorption, distribution or metabolism (10) . Acquired tolerance to caffeine has been demonstrated in two areas -diuresis (3) and parotid gland secretion (24) .
Allowing for individual differences studies agree that caffeine produces improvement in mood, the subjects rating themselves as more alert, active and performing better, but they disagree on whether objective measures of performance are improved (5, 8) .
Effect in Hyperkinetic Syndrome
Schnackenberg treated hyperkinetic impulse disorder in children by means of caffeine in the form of two cups of regular coffee daily, and concluded that caffeine might be a suitable alternative for amphetamine or methylphenidate, and he speculated that in certain countries such children are inadvertently treating themselves by drinking coffee (19) . Some French and Russian trials report the use of caffeine in the treatment of neurotic depression and geriatric syndromes.
Greden has recently described three cases of 'caffeinism' which were uncovered by means of routine enquiry into caffeine intake in persons suffering symptoms indistinguishable from those of anxiety neurosis (11) .
Patterns of Coffee Drinking in Canada
Coffee is the most popular Canadian beverage and is consumed by 64 percent of Canadians on an average day in winter (3), and the rate of coffee drinking among persons 19 years of age and older on a typical winter day in 1970 was 1.99 cups. Between 30 and 39 years of age they drink an average of 2.92 cups per day -a rate exceeding any other age group. Coffee consumption plotted against age shows an inverted U-shaped curve with the peak at the 30-39 year age group (3). The same marketing reports upon which this information is based found that the lay public was strongly of the opinion that coffee was habit forming and possessed sleep retarding qualities.
Using available figures Gilbert (6) has calculated that: • the proportion of abstainers among Ontario adults is in the order of 20 percent for both alcoholic beverages and coffee. • 17 percent of American adults drink five or more cups of coffee daily. • 1.5 percent of Ontario's adult population, or about 60,000 persons drink 15 or more cups of coffee per day.
Survey
The original proposal called for a survey of coffee drinking habits of patients assessed at the Clarke Institute of Psychiatry, combined with a plan to request the cooperation of patients consuming ten or more cups of coffee daily in discontinuing coffee intake and re-starting it according to a pre-arranged schedule. No patient consuming ten or more cups of coffee daily would cooperate to the extent of discontinuing his intake.
Results
Both inpatients and outpatients were questioned about habitual coffee consump-tion. Using a procedure designed to produce an approximate match for sex and age, 66 non-patients were also questioned about coffee consumption.
There were two general findings: none of the patients described the symptoms of caffeinism set out by Reimann, but none of them was free of psychotropic drug use; and none was both willing and capable of discontinuing the use of coffee. Table I indicates the discharge diagnosis of patients against the number of people drinking varying amounts of coffee. Of 154 patients, five (3 percent) consumed 15 or more cups daily; 16 (10 percent) ten or more cups; and 48 (31 percent) drank five or more. Among the non-patients one (1.5 percent) drank 15 cups daily; two (3 percent) drank ten or more and 14 (21 percent) drank five or more. The figures calculated by Gilbert for the general population were 1.5 percent drinking 15 or more cups and 17 percent drinking five or more cups.
Using the variables of diagnosis (including non-patients), cups of coffee, age and sex, a correlation matrix was constructed. The only significant correlation was between the number of cups of coffee and a diagnosis of Personality Disorder. The correlation coefficient was .331, which is significant for this number of observations at the p < .01 level. There was no significant correlation between coffee consumption and age or between coffee consumption and sex.
A regression analysis of diagnosis, coffee consumption, age and sex showed that 11.0 percent of the variance of coffee consumption was accounted for by a diagnosis of Personality Disorder. This calculation produced an F value of 26.7, also significant at the p < .01 level.
The charts of those patients consuming ten or more cups of coffee daily and diagnosed as Personality Disorders were reviewed for any further serendipitous observations. There appeared to be fairly frequent reference to behavioural disorders in childhood, impulsivity, and school histories of failure and learning disability. Obviously, such terms are common in the histories of other patients, but while the information was not precise enough to quantify, these terms seemed unusually frequent in the histories of these patients.
Subsequently, and apart from this survey, a colleague referred a thirty-year-old single female who described consuming 25 or more cups of coffee daily with a further increase during times of emotional distress. She dated the onset of coffee consumption from age four, and attributed her intake to a desire to be more 'wakeful'. She had been unable to sleep without medication for years. She did not drink tea, cocoa or chocolate, but at one time had consumed in excess of two family size bottles of Coca-Cola daily. She recalled that she had a difficult time in public school, and failed Grade I because of 'immaturity' and a reading difficulty. From adolescence on varying psychiatric diagnoses and treatments had been given; the diagnostic problem in later years revolved around the admixture of personality disorder (histrionic type) and a bipolar mood disorder.
Discussion
In a psychiatric population the incidence of persons drinking five or more, ten or more, and fifteen or more cups of coffee daily is greater -roughly double that of the general population and non-patient controls. These patients were unwilling or unable to discontinue such coffee use, and this probably indicates its habituating properties. While no clear syndrome of 'caffeinism' appeared, such excessive use of coffee was associated with a diagnosis of Personality Disorder and not with any other diagnosis, or with age or sex.
The histories indicate childhood development suggestive of learning and hyperkinetic disorders, and also life-long descriptions of being 'impulsive' and 'immature' . While this aspect of the information was not rigorously obtained it tends to fit well with Schnackenberg's observations on the effects of coffee on children with hyperkinetic disorders.
One hypothesis which might be constructed from this survey is that there is a group of adults suffering from 'Personality Disorders' who have learned to treat, to a varying extent, certain features of a hyperkinetic syndrome with the caffeine available in regular coffee. The role of this dosage of coffee in producing further symptoms, which are in turn self-medicated or physician-medicated is also open to speculation. The case described is compatible with such a formulation. It is less speculative to conclude that a substantial number of patients consume sufficient quantities of coffee to affect mental functioning, and which are not consumed solely for social reasons.
It would seem reasonable to screen caffeine and other constituents of coffee for possible useful psychoactive effects, especially in the hyperkinetic syndrome, and to investigate any association between excessive coffee use and unnecessary use of other drugs, especially minor tranquillizers.
Summary
This paper reviews studies on the psychological and physiological effects of caffeine and coffee, and describes the results of a survey on the coffee drinking habits of psychiatric patients.
The effects of caffeine and coffee include sympathetic stimulation and changes in the cardiovascular system as well as mental changes. The effects of caffeine, 'regular' coffee and amphetamine are compared.
The following syndromes have been linked with coffee: caffeine withdrawal; 'caffeinism' ; and individual sensitivity reactions.
A survey was made of the coffee drinking habits of patients in a university psychiatric hospital and of non-patients selected according to a matching procedure. Among the patients 3 percent consumed fifteen or more cups of coffee daily; 10 percent, ten or more cups daily; and 31 percent, five or more. These figures were approximately double those obtained from the non-patients and from the general population for the country and province.
Using the variables of diagnosis (including non-patient), cups of coffee, age and sex, a correlation matrix was constructed. The only significant correlation was between the number of cups of coffee and a diagnosis of personality disorder. There was no significant correlation between coffee consumption and sex. A regression analysis showed that 11 percent of the variance of coffee consumption was accounted for by a diagnosis of personality disorder. The histories of patients diagnosed as personality disorder and consuming ten or more cups of coffee daily revealed frequent references to behavioural disorders in childhood, impulsivity and school histories of failure and learning disorder.
Resume
Cette etude est une revue des recherches entreprises sur les effets psychologiques et physiologiques de la cafeine et du cafe; elle decrit les resultats d'une enquete sur les habitudes de la consommation du cafe chez les patients psychiatriques. On compare les effets de la cafeine, du "cafe regulier"', et des amphetamines. Les effets de la cafeine et du cafe engendrent une stimulation sympathique et des changements dans le systerne cardiovasculaire aussi bien que des modifications mentales.
Les syndromes suivants sont associes ala consommation du cafe: le sevrage de la cafeine "cafeinisme" et les reactions sensiti yes individuelles.
Une enquete a ete menee aupres des patients consommateurs de cafe dans un hopital universitaire psychiatrique et des non-patients choisis selon un precede d'equivalence de consommation de cafe. Parmi les patients, trois pourcent consommaient chaque jour quinze tasses au plus de cafe; dix pourcent, dix ou plus, et trente-et-un pourcent, cinq au plus. Ces donnees sont apeu pres le double de celles obtenues des non-patients et de la population en general pour Ie pays et les provinces.
Utilisant les differents diagnostics (appliques egalernent aux non-patients), tenant compte des tasses de cafe consommees, de I'age, du sexe, on fit une matrice correspondante.
La seule correlation significative que l'on a trouvee existe Ie nombre de tasses de cafe consommees et le diagnostic du desordre de la personnalite. II n'y avait pas d'interdependance significative entre la consommation du cafe et le sexe.
On diagnostiqua un desordre de la personnalite a la suite d 'une analyse regressive sur onze pourcent des differents consommateurs de cafe. L'histoire du cas des patients souffrant du desordre de la personnalite et consommant dix ou plus de tasses de cafe revele souvent que ce comportement se retrouve des le premier age, accornpagne dimpulsivite, d'echecs scolaires et d'une difficulte d'apprendre.
Coffee, though a useful medicine, ifdrank constantly, will at length induce a decay ofhealth, and hectic fever.
The Moral Instructor Jesse Torrey 1787 -1834
